THE incidence of cancer of the uterine cervix appears to be affected by hormonal factors and there is also some suggestion that the tumour type may be influenced by the endocrine state (Glucksmann and Cherry, 1956 ). Experimentally it has been possible to induce cancer of the uterine cervix by hormonal treatmenit as well as by hydrocarbons. The literature on this subject has been well reviewed by Gardner (1953) and von Haam and Scarpelli (1955). Most of the work has been done with mice in which with the exception of one strain (Gardner and Pan, 1948) the incidence of spontaneous cancers of the cervix is rare. The hydrocarbons proved more effective in tumour production than the oestrogens and the resulting tumours were mainly squamous-cell carcinomas. Sarcomas were rare and none are mentioned in von Haam's report of the literature nor by Reagan, Wentz and Machicao, (1955) and Murphy (1953). Gardner and Pan (1948) observed 1 sarcoma and 12 carcinomas in the PM strain of mice in which the tumour occurred " spontaneously ". In hybrids of that strain treated with oestrogen + androgens, only carcinomas were found (Pan and Gardner, 1948a). On subcutaneous grafting of uterine cervices and cornua together with methylcholanthrene crystals, Pan and Gardner (1948b) obtained in strain A and hybrid mice almost as many sarcomas as carcinomas.
Rats have not been used extensively for these studies. McEuen obtained a few cancers of the uterine cervix after prolonged treatment with oestrogens. Pfeiffer (1949) reports 4 leiomyomas and an adenocarcinoma of the uterus in female rats in which testes had been grafted shortly after birth. Vellios and Griffin (1957) using a technique similar to that of Murphy (1953) and of Reagan et al. (1955) induced 13 tumours of the cervix in 39 rats in 28 weeks. One of these tumours was a carcinosarcoma, the others were carcinomas. Using spermicidal contraceptives applied per os or per vaginam daily for 14 to 18 months to rats kept on a low protein diet Hoch-Ligeti (1957) induced 21 tumours in 95 animals. These tumours are described as " fibrous or adenomatous polyps covered by multilayered squamous epithelium . . . Three tumours had characteristics of sarcomas, with invasion of the uterine wall, irregular mitoses, giant ceUs and marked anaplasia ". In addition (?) an angiofibrosarcoma and an epidermoid carcinoma are given as illustrations. The rats on the low protein diet showed liver damage which may have impaired the detoxication of oestrogens. It is not clear from the account how many of the tumours were sarcomas or carcinomas and what role, if any, interference with the oestrogen metabolism played in the induction of the uterine tumours.
The experiments described in the present paper were undertaken to study the influence of endocrine factors on the incidence and type of tumours of the female genital tract; 9,10-dimethyl-1,2-benzanthracene was applied locally to the vagina and vulva of virgin rats, of castrated rats and of castrated rats treated with oestradiol.
MATERIALS AND METHODS
Female hooded rats were used throughout this study and their age at the beginning of the experiments was between 3 and 4 months. 9,10-Dimethyl-l, 2-benzanthracene (DMBA) obtained from Messrs. L. Light and Co. was the carcinogenic agent and a 1 per cent solution in acetone was used.
Twenty-eight virgin animals were painted intravaginally once weekly with DMBA for 28 weeks and thereafter the painting was done twice weekly for a further 27 weeks after which the experiment ended. Twelve virgin rats, which served as controls, were painted with acetone once weekly for 28 weeks and thereafter twice weekly.
Forty rats were castrated between the ages of two and three months and were used for the experiments one to two months later. Sixteen of these castrated animals were painted intravaginally twice weekly with a 1 per cent solution of DMBA in acetone. Another 16 rats were treated as above and in addition were given twice weekly intramuscular injections of l,ug. oestradiol monobanzoate (Organon) in olive oil, the injections being given the day before the painting with the carcinogen. Eight castrated rats served as controls and were painted intravaginally twice weekly with acetone.
The cervix and vagina were painted by means of a cotton wool swab on the end of a galvanised wire. The vagina was stretched open by dorsal flexion of the tail, the swab was inserted and the cervix and vagina painted by means of a rotary motion. By this method of painting the vulva was contaminated with DMBA.
Animals were killed from 200 to 410 days after the beginning of the experiment and the uterus, cervix, vagina and vulval skin were removed and in the virgin rats the ovaries were also taken out. Six of the virgin rats and 3 of the castrated rats in the experimental groups had to be killed for other conditions before 200 days and they have not been included in the experimental results. The tissues were fixed in Zenker's fluid or Susa solution and embedded in paraffin. Sections were cut at 8 ,t and stained with haematoxylin and eosin, by the periodic acid-Schiff technique with and without diastase digestion, with Southgate's mucicarmine stain or with van Gieson's stain.
A quantitative analysis was made by cell counts and by measurements of the vaginal and vulval epithelium and of the stroma of the vagina and uterus in the various experimental and control groups. Straight regions of the epithellum without carcinomas or warts were selected, the height of the epithelium was measured and total cell counts were made over a unit length of 200 /I. In the vagina the width of the stroma was taken from the lower edge of the epithelium to the inner muscle layer and in the uterus from the epithelium to the inner circular muscle layer.
RESULTS
(a) Acetone painting. (b) Castration.-The castrated control rats painted with acetone showed an atrophy of the vaginal epithelium as compared with the acetone painted virgin rats. Measurements of the height of the epithelium (Fig. 2) indicate that the average thickness in the castrated animals was only 58 per cent of that in virgin rats. The total cell count per unit length of the epithelium was also reduced but only to 89 per cent. This disparity between the reduction in the height of the epithelium and in the total cell count can be attributed to a smaller average size of the epithelial cells in the castrates so that in a given volume of tissue more of the smaller cells were present than of the larger cells in the virgin rats.
INDUCTION OF TUMOURS OF GENITAL TRACT
The epithelium of the vulva in castrated and virgin rats painted with acetone showed the same thickness and total number of cells ( Fig. 1) and is apparently not affected by castration.
The vaginal stroma of the castrated animals was thinner and less cellular than that of the virgin rats. Measurements show a relative reduction in width of the stroma by castration to 48 per cent (Fig. 3 ). An even greater reduction in width of the uterine stroma was observed after castration ( Fig. 3) , the width of the stroma in the castrates being only 40 per cent of that in virgin rats ( Fig. 7-8 ). The oestrogen treatment restored the width of the vaginal and uterine stroma to that of the virgin rats ( Fig. 9 ). Castration thus decreases the volume of uterine stroma, vaginal stroma and vaginal epithelium in that order, but does not affect the epitheium of the vulva ( Fig. 1 ).
(c) DMBA painting on virgin rats was followed by marked thickening of both vaginal and vulval epithelium. The vaginal epithelium showed marked cornification and had some downward projections. In only two animals did this hyperplasia proceed to tumour formation: one rat had a papilloma ( Fig. 10) Apart from the carcinomas of the vulva the most striking change produced by DMBA painting was the appearance of sarcomas in the stroma of the vagina. Of the 22 rats at risk 16 were found to have sarcomas of the vaginal wall. The first tumour was found after 283 days i.e. 30 days later than the first carcinoma of the vulva, but the subsequent appearance of tumours was very similar to that of carcinomas of the vulva: 8 appeared before the 350th day and the average time for sarcomas on histological verification was 333 days as against 332 days for the carcinomas of the vulva.
The sarcomas varied in extent from growths involving the vagina, uterus, bladder and other pelvic structures to microscopic lesions extending for only a few sections. In type they were mostly cellular fibrosarcomas containing numerous multinucleate giant cells (Fig. 12, 13) . The smallest lesions arose in perivascular infiltrations in the vaginal stroma in which the normal fibrous structure had disappeared, and the cellular infiltrate was characterised by the appearance of large cells with prominent nuclei containing coarse chromatin granules (Fig. 14, 15 ). These cells were found in varying proportions in the fully developed and invasive sarcomas (Fig. 13) . Some of the smaller lesions seemed to be composed mainly of such giant cells as for instance the small lesion illustrated in Fig. 16 . In others there was some fibre formation leading to the appearance of fibromatous regions in some of the tumours (Fig. 10) . The vaginal and cervical epithelium over these lesions was usually hyperplastic and showed numerous projections (Fig. 12) . With the growth of the sarcomas the epithelium was stretched and ulceration followed.
The early effects of DMBA-painting on the vaginal stroma were not striking. Apart from occasional slight inflammatory changes no generalised effect could be detected. Tumour formation was a late effect and focal in that it arose in some perivascular infiltrates. The thickness of the vaginal as of the uterine stroma was unaffected by the treatment (Fig. 3) .
Treatment with DMBA thus causes the occurrence of carcinomas and warts in the vulva, of sarcomas in the vaginal stroma, some hyperplasia of the vaginal epithelium with the rare occurrence of a papilloma and of a carcinoma in this region. The uterine stroma is not affected by the painting. In some rats subjected to prolonged treatment with DMBA squamous metaplasia of endometrial glands and epithelium was observed.
(d) DMBA-painting of castrated rats was followed as in virgin rats by marked thickening of both the vulval and vaginal epithelium. While the hyperplasia in the vulva equalled that in vrgin rats (Fig. 1) , that of the vaginal epithelium was less pronounced than in virgin rats as shown by the total cell counts and the height of the epithelium (Fig. 2) . In addition there were fewer downward projections of the epithelium in the treated castrates than in the treated virgin rats.
The differential effect of DMBA painting on the vaginal and the vulval epithelium is indicated by the following figures: the increase in total number of cells was only 115 per cent in the vagina as against 345 per cent in the vulva and the height of the vaginal epithelium was increased to 160 per cent as against 900 per cent in the vulva.
No epithelial tumours whether benign or malignant were found in the vagina during the experiment, while 11 of 13 rats at risk had tumours of the vulva. A. GLUCKSMANN AND CORA P. CHERRY All these tumours were carcinomas and were found in animals killed 344 to 406 days after the beginning of treatment. As Fig. 4 shows the vulval tumours tended to appear slightly later than in the virgin rats. Whether this difference is real remains open to doubt since the virgin rats were killed earlier because of the appearance of sarcomas in the vagina. Only 3 of the 13 rats at risk developed sarcomas in the vaginal stroma, the first of which was found after 260 days. In another animal there was a tumour of the adrenal and the uterus and cervix showed signs of oestrogen stimulation. The tumours were fibrosarcomas similar to those observed in the virgin animals.
No significant effect of DMBA painting on the width of the vaginal or uterine stroma could be found (Fig. 3) (e) DMBA painting of castrate rats given oestradiol is followed by marked thickening of both the vulval and vaginal epithelium (Fig. 1, 2) . This was more pronounced in the vulva than in the vagina, the increase in total number of cells for the vagina being 122 per cent and for the vulva 290 per cent. The increase in height of the epithelium was 198 per cent for the vagina and 670 per cent for the vulva. The smaller increase in total number of cells than in height of the epithelium is again accounted for by the increase in cell size. The vaginal hyperplasia in this group was almost as great as in the group of virgin rats, but no papillomas or carcinomas resulted in the vagina.
Of 16 rats at risk 13 had tumours at the vulva of which 9 were carcinomas and 4 warts. Three of the 4 warts and 3 of the 9 carcinomas were found in animals killed before the 350th day.
The width of the vaginal stroma and that of the uterine stroma equalled that of the virgin animals ( Fig. 3) whether treated with acetone or with DMBA. Since in the latter no difference between acetone and DMBA-treated rats was found, the increase in width of the stroma of these castrated animals must be attributed to the oestradiol treatment rather than to the DMBA painting.
As in the virgin rats there was some perivascular infiltration in the vaginal stroma after DMBA application and from these lesions or associated with them sarcomas developed in 5 of the 16 rats at risk. The first of these tumours was found in a rat killed after 218 days. The other tumours developed more slowly than in the virgin rats treated with DMBA (Fig. 5) .
In addition to these sarcomas, 3 rats had lesions in the vaginal stroma consisting of perivascular infiltrations of large cells resembling those found in early sarcomas and surrounded by some fibre-forming fibroblasts (Fig. 17-19 ). These lesions may represent a pre-sarcomatous state in that they have some of the characteristics of the early sarcomas but lack evidence of rapid proliferation and are less cellular than sarcomas. The incidence of these lesions which were not found in either the castrated or the virgin rats treated with DMBA is indicated by the broken line in Fig. 5 . Thus the combined treatment of castrates with oestradiol and DMBA is followed by the appearance of carcinomas of the vulva, of some sarcomas and some presarcomatous lesions in the vaginal stroma and by hyperplasia of the vaginal epithelium. The incidence of vaginal sarcomas and the extent of hyperplasia of the vaginal epithelium is intermediate between the DMBA-treated castrate and virgin rats.
DISCUSSION
In mice (Pan and Gardner, 1948a Gardner, , 1948b Gardner, 1953; Murphy, 1953 Reagan et al., 1955 von Haam and Scarpelli, 1955) as well as in rats (McEuen, 1938; Pfeiffer, 1949; Vellios and Griffin, 1957 ) local application of carcinogens or treatment with oestrogens has led to the appearance of carcinomas of the vagina or cervix rather than of sarcomas. Only Pan and Gardner (1948b) observed in mice an almost equal incidence of carcinomas and sarcomas in uterine cervices which were grafted with methylcholanthrene crystals into litter mates. In their experiments the carcinomas appeared earlier than the sarcomas. They observed 39 that the carcinomas grew at a fairly uniform rate while the sarcomas tended to grow more abruptly and progressively. They do not comment on the site of origin of the sarcomas.
In our experiments the sarcomas of the vagina greatly exceeded the carcinomas even in virgin rats where the proportion of vaginal carcinomas to sarcomas was 1: 16 or 2: 16 if the vaginal papilloma is included. Furthermore the papilloma and the carcinoma of the vagina appeared later than the sarcomas. On the vulva, on the other hand, warts and carcinomas appeared early-the first warts being noticed by about 200 days-and no sarcomas were found there in these experiments.
The difference in tumour production by the vaginal and vulval epithelium (Table I) is correlated with the degree of hyperplasia induced by painting. While the total number of cells per unit length of the vagina rises to only [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] per cent that of the vulva increases to 290-345 per cent and the difference in the increase in the height of the epithelium is even greater: 146-198 per cent for the vagina and 670-900 per cent for the vulva. Furthermore in the vagina the hyperplasia is more marked in the virgin rats than in either the castrate or the castrated rats receiving oestradiol; in the virgin rats only, are found a carcinoma and a papilloma though the other two groups were exposed to risk for a longer period. These findings suggest (1) (Fig. 13, 15 The difference in the reaction of the vaginal and vulval epithelium may be due to dosage of DMBA, to the existence of a mucous barrier in the vagina, to a greater toxic effect of the painting on the vagina or to an inherent difference in the reactivity of the vaginal and vulval epithelium. Of these various possibilities the mucous barrier might be excluded in view of the fact that sarcomas appeared in the vaginal stroma and that therefore the hydrocarbon has probably penetrated the epithelium in quantities sufficient for tumour induction. We have found little evidence of ulceration of the vagina during the experiment and are thus inclined to attach little weight to the toxic effect of the hydrocarbon on the vaginal epithelium: i.e. that the epithelium was destroyed by the hydrocarbon which passing through to the naked stroma caused sarcomas in this localisation. Since a carcinoma and a papilloma have been induced in the vagina, the epithelium is not entirely refractory to the hydrocarbon and the mucous barrier is not sufficient to protect the vagina. The actual difference in dosage in the vaginal and vulval epithelium is difficult to assess owing to the differences in surface properties of the haired skin of the vulva and the cornified surface of the vagina. We incline to the view that the difference in carcinoma induction in the vagina and vulva is due to differences in the reactivity of the two tissues. The presence of hair follicles in the vulva may contribute to the greater sensitivity of the vulva since a number of the tumours arise in the follicles (Wolbach, 1951) .
The induction of sarcomas in the vagina is obviously influenced by the presence and activity of the ovary (Table I ). The incidence of sarcomas in castrated rats is significantly lower than in virgin animals painted with DMBA, and the tumours appear later. The presence of an adrenal tumour in one of the castrated rats with a vaginal sarcoma suggests that adrenal corticoids may play some role in the induction of vaginal sarcomas in the castrate or that in this animal at least there was oestrogenic stimulation. The incidence of vaginal sarcomas is increased by oestradiol treatment but not to the level in the virgin rats. The oestradiol was applied twice weekly in order to have variations in the oestrogen levels comparable to the normal oestrus cycle. The effect of this treatment on the width of the uterine and the vaginal stroma shows that the dose level was similar to that of virgin rats though it was probably not quite sufficient for the stimulation of the vaginal epithelium.
